Abstract -Sustainability in architecture must produce buildings that give satisfaction for people with less energy consumption and less environmental problems. The sustainable design in architecture adopts passive design strategies like courtyards that produce buildings which use the wind for cooling and the sun for lighting and heating. The courtyard was a climate responsive design in the past, that provided people with easy direct solutions for their problems with the climate, and it was able to satisfy their social needs. In this study there will be an investigating for the effect of closed courtyard with different proportions on school building in UAE, to test the capability of the closed courtyard in improving the thermal performance of the school building consequently minimize the energy consumption. The study adopted a school building as a case study because courtyards are used mostly in houses while it can be beneficial for public buildings like schools. Courtyard can provide the school with private outdoor space, and can improve the thermal and ventilation properties of the school building thus minimize the energy consumption. Moreover the courtyard can provide the school with safe inner playground and learning scientific atmosphere for the students. The study will adopt a qualitative methodology which depends on descriptive and comparative analysis for the case study after the computer simulation with the Integral Environmental Solutions software (IES). After investigating the case study with different courtyard proportions and with the aid of the computer simulation, there was energy savings for the building because of the presence of the closed courtyard but with different values related to the proportions of the courtyard. The final result indicated that the courtyard effects the amount of the sun exposure, solar gain consequently the cooling sensible plant of the building, moreover the courtyard design and proportions have a direct effect on the ventilation beside the thermal performance of the interior spaces. However the courtyard should be in proportions that suits the height and the function of the building.
Introduction
Architecture is an important component to create sustainable environment with less energy consumption [1] . The traditional concepts for design become the core of the vernacular and sustainable architecture, most of these concepts known as passive design strategies [2] . These strategies are integrated in the buildings design to improve the indoor thermal circumstances with less energy consumption [3] . Rajapaksha, Nagai and Okumiya highlighted the courtyard as important component among the passive design solutions in the humid warm areas [4] . The courtyard as a traditional strategy [5] can be integrated in the contemporary architecture in all the types of the buildings but with suitable ratios to make it more effective in improving the thermal conditions.
Literature Review

Courtyard shapes and types
Courtyard can be formed in square, rectangular or circular outline. Reynolds (2002) indicated that most of the courtyards in the past were designed as square or rectangular shape [6] . In the meantime Edwards et al. (2006) stated that AWSPT 141-2 circular courtyards can be seen in the vernacular architecture of the traditional samba village [7] . Hyde (2000) listed the common three design types of courtyards which are closed, semi closed and semi opened courtyard [8] , as shown in Figure 1 . The closed courtyard is common in deep plans as it provides high level of privacy, lighting and good ventilation. On the other hand the semi closed courtyard is usually created between buildings and assumed to be a semi private zone that has shaded area. Finally the semi opened courtyard provides the smallest amount of privacy but at the same time it provides direct access, ventilation and vision for the building. 
Courtyard ratios and thermal behavioral
The courtyard can improve the thermal conditions of the buildings in hot areas [9] , [10] . Koch-Nielsen (2013) confirmed that the thermal characteristics for the courtyard and for the surrounding spaces are mainly determined by the courtyard proportions [11] . He added that the best recommended proportions are related to the height of the building, if the height of the courtyard is X it is better to have width that ranges from X to 3X. Manioğlu and Oral (2015) stated that the courtyard proportions (width to length) effect its thermal performance [12] . Soflaei, Shokouhian and Mofidi (2016) and Almhafdy et al. (2015) concluded that the thermal behavior of the courtyard is defined by its dimensions and proportions in hot areas [13] , [14] . They added that the proportions of the courtyard have a significant effect on the building solar gain and cooling loads.
Courtyard in schools
Most of the studies related to courtyards were about the courtyards effects on buildings in general. Limited number of studies discussed the school courtyard and they were focusing on the ventilation, courtyard landscape role, adjusting the noise,…etc. [15] , [16] , [17] , [18] . There was a gap in the literature related to the thermal effects of courtyards combined with the school buildings, as this was seldom discussed in the previous researches. Courtyards were mainly related to houses as passive design solution to improve the thermal behavior and the ventilation of the houses and buildings in general. This study will inspect facts related to the courtyards as passive design solution for school buildings in hot and arid climates.
Methodology
The research will adopt a qualitative methodology which depends on comparative analysis for a case study after computer simulation; the case study will be a school building in Sharjah.
Computer simulation: Virtual Environment software (IES) will be used for the simulation of the case study to investigate the environmental performance of the closed courtyard in a school building. Crawle et al. (2008) declared the accuracy and the rationality of the IES software in simulating the environmental performance of the buildings [19] .
Case study
The case study is Al Murooj English school which is located in Sharjah in UAE as shown in Figure 2 . The dry desert climate is dominant in all UAE emirates including Sharjah [20] . Refer to Figure 3 and 4 for the average temperature and the dry and wet bulb temperature in Sharjah-UAE. 
The study analysis scope
In the study there will be an investigation of the thermal performance and ventilation of the original school building with semi opened courtyard (the case study) compared with two proposed cases of the school building with closed courtyards in two different proportions. The closed courtyards were designed according to the suggestions of KochNielsen (2013) as he stated that the size and the height of the courtyard affect strongly the thermal properties of the courtyard and the surrounding spaces. Koch declared that if the height of the courtyard walls is X then the best width for the courtyard is ranging from X to 3X [11] , as shown in Figure 5 . The study will adopt two cases (proportions) for the courtyard which are 2X and 3X , and the proportion of 1X will be ignored as it is not suitable for public building because it produces small courtyard that suits more the houses .The investigation will be on three cases as explained in Table 1 to find the optimum proportion for the courtyard in the school building of the case study, toward providing the school with the best thermal performance and ventilation for future expansion .The energy simulation will be for a test room that exists in the first floor and overlooking the courtyard, and it exists in the three cases of the school , the test room is a classroom that occupied by 20 students and has area around 42m². The test room assumed to be occupied from 8 morning till 6 afternoon every day. The cooling set point is 20°C. People and fluorescent lighting were added to the internal heat gain of the test room. Electricity is used for cooling. The second case : The school with closed courtyard that has width 2X, where X is the courtyard height.
The third case : The school with closed courtyard that has width 3X , where X is the courtyard height . 
The building materials which are adopted for the simulation are the basic materials that were used in the original school building (for roofs, floors, walls and glazing) which was constructed on 1995, because the study focuses on the effect of the courtyard on the building .Refer to Table 2 for the materials that were used in the school-case study. The materials were defined as standard materials in Dubai regulations for buildings before the year 2002 [22] . 
Results and Discussions
The three cases of the school building which are: original school building without closed courtyard (no X), 2X courtyard school and 3X courtyard school were simulated in the IES software, the simulation was for the test room in the three cases to investigate the thermal performance and the ventilation .The thermal performance investigation includes sun exposure, cooling plant sensible load, solar gain and the air temperature in the test room. The ventilation investigation includes velocity and local mean age of air surface and CO2 concentration in the test room.
Thermal analysis
Sun exposure on the test room
The sun exposure on the test room was different in the three cases of the school building as shown in Table 3 . The results of the sun exposure were according to the sun path around the school, so most of it was on the north exterior wall of the test room. It was clear that the least hours of sun exposure for the test room was in the case of the 2X courtyard school, and the highest sun exposure was in the case of no X courtyard school. As a result the north wall of the test room will be less heated in the case of 2X courtyard, consequently it will make the inner space of the test room cooler than the other two cases and it will need less energy for cooling. 
Cooling plant sensible load
The cooling plant sensible load indicates the energy consumed for cooling the test room in the three cases of the school building as shown in Table 4 . According to Figure 6 it was clear that the least Cooling plant sensible load (KWh) for the test room was in the case of the 2X courtyard school, as it is 3% less in Cooling plant sensible load than no X courtyard school and 2% less than 3X courtyard school .Therefore the best case is 2X courtyard school as it saves more energy for cooling. 
Solar gain for the test room
The solar gain includes the solar radiation that penetrates the interior spaces. Table 5 shows the solar gain for the test room in the three cases of the school building. After comparing the amount of the solar gain in the three cases as in Figure 7 it was clear that the least solar gain (KWh) for the test room was in the case of the 2X courtyard , as it was 25% less than no courtyard school and 18% less than 3X courtyard school , this result can be explained because the 2X courtyard school has more shaded areas than the other two cases according to its proportions , and that means less energy will be used for cooling the interior space for the test room specially in the hot months. 
Air temperature in the test room
It was clear from the simulation that the least air temperature in the test room was in the case of the 2X courtyard school with mean around 24 ºC as shown in Table 6 , and with significant difference from the school without courtyard and the one with 3X courtyard as shown in Figure 8 . The test room in 2X Courtyard school is around 23% less in air temperature than no X courtyard school, and 19% less in temperature than 3X courtyard school . The difference in the temperature in the three cases can be explained because the 2X courtyard school was less in solar gain and solar exposure as was explained before. Therefore the least energy needed for cooling the test room is in the case of 2X courtyard school. 
Microflo CFD
The Computational Fluid Dynamics (CFD) in the IES software was used to check the velocity of the air inside the test room in the three cases of the school based on natural ventilation. The microflo CFD was calculated on the 27th of April at 7:30 at the macro flow external vent in the IES. The microflo CFD analysis were used to investigate the effect of the closed courtyard on the air velocity, local mean age and CO2 Concentration thus the ventilation in the test room.
Velocity and local mean age of air surface
The velocity of the air inside the test room is related to the local mean age of air surface inside it, as when the air velocity is high the age of the air surface inside the test room is short and the air renewed more quickly. In Table 7 it is clear that the higher air velocity in the test room was in the case of 2X courtyard school, with maximum reading around 0.94 m/s. Consequently the least age for the local air surface was in the test room in the case of 2X courtyard school as it ranges from 0.749 -7.498min , and that can be explained in relation to the high velocity of air surface in it as mentioned before. Therefore the fast air movement increases the rate of evaporative heat loss inside the test room and that leads to lower temperature and less energy consumption for cooling. Furthermore the ventilation in the test room in the 2X courtyard school is the best as the movement of air is faster than the other two cases. 
CO2 concentration
After investigating the CO2 levels in the test room , it was clear from the simulation that the least CO2 Concentration (ppm ) in the test room was in the case of the 2X courtyard school with amount around 448 ppm as shown in Table 8 . This amount assumed to be in the suitable range, referring to what was mentioned in the health state report that the CO2 concentration in the inner rooms should range from several hundreds to one thousand ppm [23] . According to Figure 9 the test room in the 2X courtyard school is around 20% less in CO2 concentration than no courtyard school and around 13% less than 3X courtyard school . The low concentration of CO2 levels in the test room in the case of 2X courtyard school can be explained because of the short local mean age of the air and the high velocity of the air inside it, thus the air inside the test room is renewed faster than the other two cases and that will make the concentration of CO2 less than the other two cases. As a result the interior spaces (classrooms) in the school with 2Xcourtyard school have less CO2 concentration, better ventilation and healthier indoor air quality. 
Conclusion
The courtyard was a climate responsive design in the past, that provided people with easy direct solutions for their problems with the climate, and it was able to satisfy their social needs. The courtyard in the present time started to attract the designers as a good passive design solution for the sustainable architecture because of its good thermal performance, but its optimum proportions are still under investigation to reach the desired ratios, which are more suitable for the contemporary architecture . In this study it was clear that the school building with 2X closed courtyard was better in the thermal performance than the school with no closed courtyard and the one with 3X closed courtyard as the test room in the 2X courtyard school had the least air temperature, sun exposure, solar gain consequently the least cooling sensible plant, and that means less energy consumption for cooling. The analysis of CFD showed that the highest air velocity and the least age for local air surface was in interior spaces in the case of 2X courtyard school, accordingly the air changes faster ( better ventilation) thus reduces CO2 concentration , and that will create better atmosphere for studying . The final result indicated that the courtyard design strategy have proved its capability in improving the ventilation and the thermal performance of the interior spaces but the courtyard should be in proportions that suits the height and the function of the building . In the case of Al Murooj English school it is better to have courtyard that has width equal to the double of its height to create sustainable school building which will minimise the energy consumption and satisfy the occupants . 
